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REPORT ON THE LUNAR RANGING AT MCDONALD OBSERVATORY 
FOR THE PERIOD 8 FEBRUARY 1978 TO 5 JUNE 1978 
Operations 
Ranging operations for this quarter returned to the normal 21 
day schedule per 1unation, expanding from the restricted 17 day 
firing schedule of the previous lunation. Research and Development 
was, for the most part, restricted as in the previous quarter. The 
exception was some very pre1 iminary trials of a vidicon camera and 
monitor at the very end of the fourth lunation. These trials will 
continue in earnest in the months ahead. 
The summary of the ranging activities for the four lunations 
follows in figure 1. Poor weather and some laser problems 1 imited 
the number of successful acquisitions to slightly more than the pre-
vious quarter although total shots fired were up by 47 percent. The 
Apollo 15 site continues to be the prime target due to its signal 
strength and good location while Lunakhod 11 remains in second. 
Overall signal strengths are still down, as they were last quarter 
although the success rate remained over 80%. It is not clear whether 
the lower signal strengths are yet indicative of any degradation in 
the ranging system parameters (such as the photomultipl ier efficiency) 
or are simply normal fluctuations due to the combinations of weather 
factors, lunar distance, and lunar 1 ibration angles during the last 
few lunations. 
1 • 
RANGING STATISTICS BETWEEN FEBRUARY 8, 1978 AND JUNE 5, 1978 
Lunar Site Attempts Ranges Shots Fired Returns 
o 6 5 1,572 33 
2 5 3 961 20 
3 68 57 15,672 723 
4 1 1 7 2' ,895 74 
TOTALS 89 72 21 , 100 850 
SUCCESS RATE = 83% 
Signal Level 
.021 
.021 
.046 
.026 
.040 
I 
N 
I 
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Personnel 
The execution of a 21 day/lunation operating schedule requires 
sl ightly more manpower than the project has carried since mid 1977. 
On 15 May, Chris Little, a physicist, was added to the McDonald ranging 
personnel to help with operations throughout the summer of 1978 and 
then continue on a half-time basis. His principal duties will involve 
documentation and assistance during the difficult mid-lunation ranging 
coverage. 
Travel 
Silverberg traveled for 21 days in Europe during May to represent 
the McDonald lunar laser project at IAU Symposium #82, Time and the 
Earth's Rotation, and at the COSPAR sponsored, Third International 
Laser Ranging Workshop. Between the two meetings visits were made to 
both the French and West German laser stations to discuss their developing 
lunar systems. In addition, an invited talk was given to the Institute 
f~r Angewandte Geodaesie in Frankfurt on the prospect for developing 
operational laser systems for geodesy. 
Publ ications 
The following papers were publ ished during this reporting period 
in connection with activities on this Grant. Copies are available 
from the authors. 
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E. C. Silverberg liOn The Effective Use of Lunar Ranging for the 
Determination of the Earth's Orientation,1I paper presented 
at IAU Symposium #82, Cadiz, Spain, May 1978. 
E. C. Silverberg and I. A. Malevich, "Multi-Stop Timing Electronics 
for High Altitude Satell ite Ranging,1I paper presented at 
Third International Laser Ranging Workshop, Lagonnisi, 
Greece, May 1978. 
E. C. Silverberg, B. Schutz, P. Wilson and I. A. Malevich, IIA 
Proposal for a Very Compact Laser Station for Operational 
Geodesy,1I Ibid. 
J. D. Mulholland and o. Calame, IIS c ientific Goals of Lunar Laser 
Rang i ng, II I bid, (prepa red for the Lagon i S5 i meet i n9 wi th 
partial support from this Grant). 
Engineering 
Sate1l ite Upgrade. The preparations for satell ite ranging on 
the NTS2 satell ite at McDonald are virtually complete. Software for 
the Varian computer to control the fl ip mirror timing sequence has 
been written and tested by J. Wiant. The software change starts the 
fl ip mirror moving early with respect to a lunar range attempt in 
order to open the mirror in time to receive the return from the 
satell ite. In addition, some hardware timing has been added to close 
the fl ip mirror. All that remains to begin satell ite ranging is the 
installation of one data cable from the laser room to the 2.7 m con-
trol room telescope computer and the completion of the satell ite 
pointing prediction software being developed in Austin by O. Strohacker. 
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Laser Problems. The ranging system had one significant problem 
during the quarter when the Korad laser quit working on 14 March. 
After considerable effort the crew and J. Wiant were able to 
locate the problem and affect a temporary fix on March 22. The failure 
was caused by the shorting of the Pockel cell high voltage drive coax. 
The cable failure seemed to propagate through the system causing 
other components to degrade over the next month. This immediate prob-
lem and component changes related to it created the most serious hard-
ware difficulties the McDonald station has had in some time. At least 
15 laser runs were cancelled or seriously degraded before the shutter 
electronics could be totally rehabil itated. 
Cal ibration Data. The system cal ibration equipment for the pulser 
integrity test was changed slightly on April 28 by J. Wiant. The new 
hardware util izes an Ortec 453 module instead of the Ortec 417 module 
previously used. The procedure remains the same for the pulser test. 
The changes to the pulser electronics do not affect the system cali-
bration constants, only the relationship of the pulser cal ibrations 
to the actual system delay (see Appendix B). 
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Timing System Change 
When the TDC-lOO time digitizer was installed, Tag 1 was used to 
sort the data coming from the TDC-100. 
The discriminator that generated the Tag 1 information started 
failing intermittently, causing the computer to misidentify information 
given to it. The results were ranging residuals larger than possible in 
a properly operating system. Data was irretrievably lost when Tag I 
was missing. A new sorting technique was developed which eliminated 
the necessity of Tag 1. 
The data from the TDC-IOO is now sorted by whether or not the upper 
word is zero or nonzero. If the upper word is zero the data is a "K" 
stop and gets put into Rlll and RllO. If the upper word is nonzero 
the data is a laser stop and gets put into Rl21 and Rl20. 
A program change in the computer has allowed the removal of the 
Tag I hardware and its associated cables. 
APPENDIX A 
The McDonald Lunar Laser Operations Log 
from 
8 February 1978 to 5 June 1978 
EXPLANATION OF THE OPERATIONS LOG 
The information presented in the McDonald Lunar Laser Operations 
Log is as follows: 
DATE (column 1): The local calendar date at the start of the day's 
ranging operation. 
LUNAR DAY (column 2): The approximate number of days which have 
elapsed since the previous new moon. This estimate 
comes from the American Ephemeris and Nautical Almanac: 
Ephemeris for Physical Observations of the Moon. 
UTC DAY (column 3): The Coordinated-Universal Time of the calendar 
year as read from the McDonald station clock at the 
beginning of a range attempt. 
TIME (column 4): The UTC hour and minute as read from the station 
clock at the beginning of a range attempt. 
REFL. NO (column 5): The lunar reflector site: 0 = Apollo 11, 
1 = Luna 17,2 = Apollo 14, 3 = Apollo 15, 4 = Luna 21. 
RETURNS/SHOT (column 6): The number of lunar returns divided by the 
number of laser shots fired. Returns are as identified 
by the laser crew. 
SIGNAL LEVEL (column 7): The number of lunar photoelectrons per 
laser shot for the range attempt. Double photo-
electrons are counted as single photoelectron events. 
DOUBLES (column 8): The number of returns which were greater than 
single photoelectron events. Lunar return doubles are 
presented without parenthesis; noise doubles are presented 
within parenthesis. 
IMAGE (ARCSEC) (column 10): The guider's estimate of the general image 
conditions in arcseconds based on the observation of 
bright stars or the definition of lunar features. 
COMMENTS (column 11): Comments which seem perti.nent to the laser crew 
at the time of ranging. 
STATION LOG FEB-Hf\R 1978 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER I ~1AG E COMMENTS 
DAY DAY NO. SHOT LEVEL {ARCSEc} 
Feb 11 3 042 20:00 P.cldy. Cancelled, winds 50+ MPH 
23:00 Cldy. Cancelled, rain. 
02:00 Rain II II 
Feb 12 4 043 20:30 Cldy. Cancelled, snow. 
23:30 II II II 
02:30 . Cl ear Cancelled, wind 50 MPH 
Feb 13 5 044 21 :30 Cl ear 5-8 Blew #2 amp flashlamp 
00:30 Clear Problem in laser changing circuit 
03:30 Clds. Cancelled. 
Feb 14 6 045 22:00 Clds. Cancelled, clouds. 
046 01 :00 Cldy. Cancelled, clouds, snow. 
04:00 Cldy. Cancelled, clouds, snow. 
Feb 15 7 046 23:00 Cldy. Cancelled. 
047 02:00 3 0/359 P. cl dy. 6-8 Zero KI s, bad Or Nor gate. 
05:00 3 0/153 Cl ear 7-10 Stopped, poor seeing. 
Feb 16 8 047 03:30 3 12/350 2 Clear 4-7 Image motion. 
02:30 Clear 8-10 Cancelled, seeing. 
05:30 II II II II 
Feb 17 9 048 05:00 Replaced Nor Transistor in or Gate. 
Feb 17 9 049 00:30 Cldy. Cancelled 
03:30 Cldy. II 
06:30 Clear 10-15 Cancelled, seeing. 
Feb 18 10 050 01 :00 3 8/263 2 Cl ear 4-6 
04:00 3 0/259 II 6-8 
07:00 3 7/391 Clear 4-5 
Feb 19 11 050 16:54 Cop i ed McD. 1 1 2 
Feb 19 11 050 19:40 Changed year in computer to 1978 
Feb 19 1 1 050 20:00 Receive Loran from Nevada 99.3 
New epoch is 45779 
Feb 19 11 051 02:00 Cldy. Cancelled, clouds, snow. 
051 05:00 II Cancelled. 
051 08:00 Clear 8-10 Cancelled, bad seeing. 
STATION LOG FEB-MAR 1978 (cont.) 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
Feb 20-24 Crew Off, No Ranging Scheduled. 
Feb 25 17 056 06:00 3 12/333 0 Clear 4-5 
056 09:30 3 5/303 1 II 4-5 
Feb 26 18 057 07: 15 3 33/316 4 Clear 4-5 
11:00 3 12/253 1 Lt. cirrus 5-7 
Feb 26 18 057 11 : 26 Cop i ed McD. 1 1 2 
Feb 27 19 058 08:00 Clouds Cancelled. 
12:00 II II 
Feb 28 20 059 08:30 Seeing Cancelled. 
12:30 Clouds II 
Mar 21 060 13:00 Cldy. Cancelled. 
17:00 II II 
Mar 2 22 061 12:00 Cldy, wind Wind 50+ MPH 
16:00 II II II II II 
Mar 3 23 062 12:00 Cldy. Cancelled. 
15:00 II , fog. II 
Mar 3 23 063 15: 01 Cop ied McD. 112 
REFLECTOR ATTEMPTS SUCCESSES 
0 0 0 
2 0 0 
3 10 7 
4 0 0 
TOTALS 10 7 
STATION LOG MAR-APR 1978 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
Mar 12 3 071 18:55 Started McD. 113 
Mar 13 4 072 20:00 Clouds 6 Cancelled, clds., wind 50 MPH 
23:00 Clear Cancelled, wind 40+ MPH 
01 :30 4 27/373 Clear 5-6 Poor seeing. 
Mar 14 5 073 21 :00 
074 00:00 4 0/252 0 0 Clear 5-7 
074 03:00 4 3/194 Cl ear 5-7 Laser stopped lasing. 
Mar 15 6 074 21: 30 Cancelled, laser repair. 
075 00:30 II II II 
03:30 II II II 
Mar 16 7 075 22:30 Cancelled, laser repair. 
076 01 :30 II II II 
04:30 II II II 
Mar 17 8 076 23:30 Cancelled, laser repair. 
077 02:30 II II II 
04:00 3 3?/294 Cl ear 6 Old Korad spark gap. 
Mar 18 9 078 00:30 Cldy. Cancelled, clouds. 
03:30 II II II 
05:35 Copied McD. 113 
Mar 19 10 079 01:00 Cldy. Cancelled, clouds. 
04:00 II II II 
07:00 II II II 
Mar 20 11 080 01 :30 Cldy. Cancelled, clouds. 
04:30 II II II 
07:30 II II II 
Mar 21 12 081 02:00 Cldy. Cancelled, clouds. 
05:00 II II II 
08:00 II II II 
Mar 22 13 082 03:00 Cldy. Cancelled, clds., laser repair 
06:00 II Cancelled, clouds. 
09:00 Clear 7-9 Cancelled, seeing, bad image motion. 
STATION LOG MAR-APR 1978 (cont.) 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
Mar 23 14 083 04:00 3 0/262 Clear 5-7 PMT voltage 1540 
07:00 3 0/375 II II II II II 
10:00 II 6-8 Cancelled, seeing. 
Mar 24 15 084 04:30 3 17/261 Cl ear 2-3 PMT voltage 1570V 
07:30 3 9/362 II 2-3 PMT voltage 1570V 
10:30 3 0/20 II 3-4 Cap. blew in shutter elect. 1570v 
Mar 25 16 085 05:30 C1dy. Cancelled, clouds. 
Mar 26 17 08:30 Cldy. Cancelled, clouds. 
11 : 07 Copied McD. 113 
Mar 27 18 086 06: 10 3 28/215 5 Clear 3-4 PMT voltage 1600v 
09:00 3 0/146 0 Cirrus 3-4 Blew cap. in shutter elects. 
12:00 Cldy. Cancelled, clouds. 
Mar 28 19 087 07:00 Cldy. Cancelled. 
10:00 II II 
13:00 II II 
Mar 29 20 088 08:00 Clear Cancelled~ laser problem 
11: 00 Cldy. Cancelled. 
14:00 II II 
Mar 30 21 089 09:00 Cldy. Cancelled. 
089 12:00 3 21/46 Clear Spark gap problems. 
18:00 
Mar 31 22 090 10:00 Cldy. Cancelled, clouds. 
13:00 3 27/26 Clear 3 Shutter electronics problems 
16:00 Cldy. Cancelled, clouds. 
Apr 1 23 091 17:30 Clear 7-8 Cancelled, bad seeing. 
13:00 3 15/302 2 Clear 4 
15:00 Clear 5-7 Cancelled, see1ng; bad contrast. 
STATION LOG MAR-APR 1978 (cont) 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
Apr 2 24 092 11 :30 Cldy. Cancelled, clouds. 
092 13:30 II II II 
13:58 Copied McD. 113. 
Apr 3 25 093 12:30 3 6/241 Clear 5-8 
093 15:00 II 5-7 Cancelled, poor contrast. 
093 17:00 II II II II II 
Apr 4 26 094 14:56 Cop jed McD. 11 3. 
REFLECTOR ATTEMPTS SUCCESSES 
0 0 0 
2 0 0 
3 12 7 
4 3 1 
TOTALS 15 8 
STATION LOG APR-MAY 1978 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
Apr 10 2 100 19:00 Cldy. Cancelled, clouds. 
22:00 Clear 7-8 Cancelled, poor contrast, seeing. 
101 00:30 II II II II II II 
Apr 11 3 101 19:30 Clear 7-10 Cancelled, seeing, contrast. 
101 22:30 II II II II II 
102 01:00 4 0/262 Clear 4-5 Glass gap. 
Apr 12 4 102 20:30 Clear 8-10 Two runs JPL Interferometer. 
103 00:30 4 17/227 Clear 4-5 
Apr 13 5 103 21 :00 Cldy. Cancelled , clouds. 
104 21 :00 II II II 
Apr 14 6 104 21 :30 P. c 1 dy. 8-10 Cancelled, seeing, clouds. 
105 00:45 4 51/355 0 Cl ear 3 453 Discriminator not working; 
using 417 discrim. 
Apr 15 7 105 22:30 Clouds Cancelled, clouds. 
106 04:30 II II II 
Apr 16 8 107 01 :30 Cldy. Cancelled. 
03: 11 Copied McD. 114 
04:30 Cldy. Cancelled. 
Apr 17 9 107 22:00 Ortec 453 repaired, hairl ine 
crack in copper. 
Apr 17 9 108 00:00 3 22/180 4 Clear 3-5 
108 03:00 3 25/217 2 II 5-6 
06:00 Cirrus 6-8 Cancelled, seeing, cirrus. 
Apr 18 10 109 01 :00 Clouds Cancelled. 
04:00 3 13/262 2 Cirrus 2-3 
07:00 Cloudy Cancelled. 
Apr 19 11 110 01 :30 3 25/226 Clear 2-3 
04:30 3 10/283 II 4-5 
07:30 Clear 6-8 Cancelled, seeing. 
Apr 20 12 111 02:45 3 23/160 2 Clear 2 
111 05:30 3 15/193 4 Clear 2 
0 0/253 II 3-4 
08:30 3 14/420 II 3-4 
""' .. 
STATION LOG APR-MAY 1978 (cont.) 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
Apr 21 13 112 03:00 3 61/345 C1 ear 3 Confirmed on April 22. 
06:00 3 0/246 II II 
09:00 II 5-6 Cancelled, seeing, image motion, 
wind 30 MPH 
Apr 22 14 113 04:00 3 9/197 1 Clear 2 V=1570, laser unstable. 
07:00 3 10/243 1 II 2 Laser pulse tightened. 
10:00 3 4/249 0 Cirrus 3 Stopped by clouds. 
Apr 23 15 113 10:39 Copied McD. 114 
114 04:00 3 8/271 0 Clear 2-3 
114 08:00 3 17/124 1 II 2 
0 0/221 II 2 
114 11 : 15 3 6/270 Cirrus 3 
Apr 25 17 115 06:00 Dusty 6-8 V-1600, cancelled, bad seeing. 
09:00 ",cirrus 
12:00 Cldy, fog 
Apr 26 18 116 07:00 Cldy, fog Cancelled, clouds. 
10:00 Cldy. Cancelled, clouds. 
12:00 3 6/336 Clear 4 
Apr 27 19 117 08:00 Clouds Cancelled. 
11 : 00 3 18/72 2 Clear 4 
0 10/128 2 II II 
2 7/236 II II 
13:30 3 11/237 II 4-6 Variable seeing. 
Apr 28 20 117 21 :00 
Apr 28 20 118 09:00 3 6/153 0 Cl ear 4-6 Modified 453 to use during 
pulser test. 
12:00 Clear 6-8 Cancelled, seeing. 
14:00 II II Cancelled, seeing, wind 30 MPH. 
Apr 29 21 119 10:00 3 22/79 5 Clear 4 
12:00 3 13/118 0 II 5-7 
STATION LOG APR-MAY 1978 (cont. ) 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOP LEVEL (ARCSEC) 
Apr 29 21 119 14:00 Clear 6-8 Cancelled, seeing, poor contrast. 
Apr 30 22 120 10:30 Cldy. Cancelled. 
12:00 II II 
13: 1 0 Cop ied McD. 114 
15:00 Cldy. Cancelled, wind 35 MPH, clouds 
May 1 23 121 11 : 30 3 9/300 2 Lt. cirrus 4 
2 0/43 II II Stopped by heavy cirrus. 
14:00 Hvy. cirrus Cancelled, clouds. 
16:00 3 5/337 Lt. cirrus 4-6 
May 2 24 122 11 : 30 Cldy. Cancelled. 
13:30 P. c 1 dy. 5-7 Cancelled, seeing, contrast. 
15:30 Cldy. Cance 11 ed. 
May 3 25 123 12:30 Cldy. Cancelled. 
14:30 II II 
16:30 II II 
May 4 26 124 13:00 Cl ear 4-5 Cancelled, poor contrast. 
124 13:24 Cop jed McD. 114 
May 5 27 125 Reinstalled flip mirror weight. 
REFLECTOR ATTEMPTS SUCCESSES 
0 3 2 
2 2 1 
3 24 23 
4 3 2 
TOTALS 32 28 
STATION LOG MAY-JUNE 1978 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
May 10 3 130 15:22 Started McD. 115 
May 10 3 130 19:00 Cldy Cancelled, clouds. 
22:00 II II II 
01 :00 II II II 
May 11 4 131 20:00 Satell ite fl ip mirror program 
i nsta 11 ed. 
23:00 Clear 6-8 Cancelled, seeing, contrast. 
01 :00 4 8/240 Cl ear 4-5 
May 12 5 132 20:30 Cl ear 6-8 Cancelled, seeing, contrast. 
132 23: 15 4 8/264 II 4-5 
133 01 :30 4 7/300 2 II II 
May 13 6 133 21 :00 Clear 8-10 Cancelled, seeing. 
134 00:00 4 18/428 3 Clear 6-8 12 lost 100 shots. 
03:00 Cldy. Cancelled. 
May 14 7 134 21 :05 Cop i ed McD. 11 5 
May 14 7 134 22:00 Cldy. Cancelled. 
135 01 :00 II II 
04:00 II II 
May 15 8 135 22:30 P. cl dy. 5-7 Cancelled, seeing & contrast. 
136 01 :00 3 18/190 3 II II 4 
01: 30 0 12/311 0 II II 4 
04:30 3 6/255 1 II II 5 Hazy. 
May 16 9 136 23:30 Cldy. Cancelled, clouds. 
137 01 :40 3 10/81 1 Clear 3-4 
0 6/276 0 II II 
05:30 3 15/240 2 Clear 3-4 
May 17 10 137 00:35 3 15/221 2 Clear 3-4 
3 13/64 1 II 3 
0 5/283 1 II 3 
2 0/138 II II 
3 12/189 II 4 
STATION LOG MAY-JUN 1978 (cont. ) 
DATE LUNAR UTC TIME REFL. RETURNS/ SIGNAL DOUBLES WEATHER IMAGE COMMENTS 
DAY DAY NO. SHOT LEVEL (ARCSEC) 
May 18 11 138 18:40 Moon/Sat. switch & BNC installed 
in grey panel. 
May 18 11 139 00:30 Cldy. Cance 11 ed. 
03:30 II II 
06:30 II II 
May 19 12 139 15:33 Copied McD. 115. 
May 22 15 143 04:30 Cldy. Cancelled, telescope testing. 
May 23 16 143 07:30 Clear II II II 
143 10:30 Cldy. Cancelled, clouds. 
May 24 17 144 05:30 Cldy. Cancelled. 
08:30 II II 
11 :00 II II 
May 25 18 145 06:30 Cldy. 
09:30 II 
12:00 II 
May 26 19 146 07:35 3 14/126 2 Clear 4 Fil t er unstable. 
10:30 3 10/285 Cl ear 5 II II 
13:00 C1dy. Cancelled. 
May 27 20 147 08:30 3 11/245 0 Clear 4-5 
11 : 30 3 10/288 1 II II 
14:00 P. cl dy. 6-8 Cancelled, seeing, contrast. 
May 28 21 148 09:30 3 19/227 Cl ear 3-4 
12:30 3 14/258 2 II II 
14:30 3 5/237 1 II II 
May 28 21 148 15:23 Cop jed McD. 115. 
May 29 22 149 11 :00 3 9/220 0 Cl ear 3-5 
13:30 3 14/92 1 II 3 
2 5/306 1 II II 
15:30 3 0/268 Cl ear 4 Poor contrast. 
DATE LUNAR UTC TIME REFL. 
DAY DAY NO. 
May 30 23 150 11 : 00 3 
13:30 3 
2 
May 30 23 150 15:45 3 
May 31 24 151 11 : 30 
13:30 3 
15:45 3 
Jun . 1 25 152 12:00 
14:00 
16:00 
Jun 2 26 153 12:45 
153 14:49 
STATION LOG MAY-JUN 1978 
RETURNS/ SIGNAL DOUBLES 
SHOT LEVEL 
8/309 
7/188 0 
8/239 0 
7/185 
0/410 
5/327 
REFLECTOR ATTEMPTS 
0 3 
2 3 
3 22 
4 4 
TOTALS 32 
(cont.) 
WEATHER IMAGE 
(ARCSEC) 
Clear 3 
II 3-4 
II II 
Clear 3-4 
Cldy. 6 
Clear 4-5 
II 4-5 
Clear 6-8 
II 4-5 
II 5-6 
P. c1dy. 2-3 
SUCCESSES 
3 
2 
20 
4 
29 
COMMENTS 
Poor contrast. 
Cancelled, clouds, seeing. 
Bad image motion. 
Cancelled, poor contrast. 
II II II 
Cancelled, poor contrast. 
Copied McD. 115. 
APPENDIX B 
The Lunar Laser Calibration Data 
from 
8 February 1978 to 5 June 1978 
} 
EXPLANATION OF THE CALIBRATION DATA 
The following pages contain the cal ibration constants for 
the four lunations covered by the present report. Pertinent 
information concerning the photodetectors and related timing 
discriminators is presented above the columnar data. The columnar 
categories are explained below. 
A (pulser): This column contains the uncorrected calibration 
constant for the entire lunar ranging system as 
measured by an electronic start and a light emitting 
diode-PMT stop of the TDC-100 timer. Due to differing 
cable lengths of the start and stop paths in the 
system, this number is not the magnitude of the 
B (l aser 
actual system cal ibration value. It is, however, a 
measure of the relative shift in the calibration 
value on a day-to-day basis. The units are nanoseconds. 
pulse): This column shows the single shot uncertainty as keyed 
to the following code: (a 11 values are in nanoseconds) 
A = :!:0.4, B = :to.5, C = +0.6, D = :!:0.7, E = :!:0.8, F = :!:l.O, 
G = :!:l.2, H = :!:l.4, 
M = :!:3.5, N = +4.2. 
= :!:1.7, J = :!:2.0, K = +2.4, L = :!:2.9, 
The absence of a letter will indicate 
the single shot uncertainty of J. 
C (feedback): This column gives the arithmetic mean in nanoseconds of 
the "feedback cal ibration returns" through the entire 
ranging system as recorded by the system teletype during 
actual ranging. A "feedback cal ibration return" is 
produced by a start-diode start and a PMT stop of the TDC-
100 timer. The uncertainty gives the standard deviation 
of data points within 5 nsec of the mean. 
o (ELCOR): This column shows the value of ELCOR which has been 
determined by subtracting the nominal value of K' 
(15.3 nsec) and adding 13.9 nanoseconds (geometrical 
delay) to the average in column C. The units are 
tenths-of-nanoseconds. The minus sign was added to 
coincide with how this additive constant appears on 
the prel iminary data cards. Letters following the 
numerical value indicate the uncertainty in the 
determination of ELCOR based on the feedback un-
certainty according to the code (all values are in 
picoseconds): 
o < A < +200 
=== = --
+200 < B < +400 
= =-
+400 ~ C ~ +600 
+600 ~ 0 ~~1000 
~1000 ~ E ~~1500. 
NOTE: It should be remembered that ELCOR values, as given by these 
publications, are preliminary estimates determined at the 
ranging site using simple algorithms. As of March 1976, 
the final calibration constants, incorporating formal 
derivations of the calculation uncertainties, have been 
determined by the data reduction group in Austin, headed 
by P. Shelus. 
) 
PMT type: 31034 
PMT voltage: 1600 
SYSTEM CALIBRATION DATA 
FEBRUARY-MARCH 1978 
PMT gain: (Ortec 454) coarse: 5, fine: 2. 
~ifferentiate time constant: 5 nanoseconds. 
Integrate time constant: out 
PMT discriminator: (Ortec 453) lower level disc.: 2.5, fraction: 0.5. 
Start Diode discriminator: (Ortec 453) 1.1 disc.: 5.0, fraction 0.4. 
UTC 
DAY 
042 
043 
044 
045 
046 
047 
048 
049 
050 
051 
052 
053 
054 
055 
056 
057 
058 
059 
060 
061 
062 
063 
A 
(pulser) 
61 . 1 
61.8 
62.8 
60.9 
60.0 
60.3 
60.8 
61 .2 
61 .5 
61 .6 
61.3 
59.2 
B 
(laser pulse)* 
J 
C 
(feedback) 
76.3 + .28 
76.3 :!: . 15 
76.3 + .15 
76.2 .:!: • 1 3 
D 
(ELCOR) 
-748B 
-748B 
-748A 
-748A 
-747A 
PMT type: 31034 
PMT voltage: 1600 
SYSTEM CALIBRATION DATA 
MARCH-APRIL 1978 
PMT gain: (Ortec 454) coarse: 5, fine: 2. 
Differentiate time constant: 5 nanoseconds. 
Integrate time constant: out 
PMT discriminator: (Ortec 453) lower level disc.: 2.5, fraction: 0.5. 
Start Diode discriminator: (Ortec 453) 1.1 disc.: 6.2, fraction: 0.4. 
UTC 
DAY 
064 
065 
066 
067 
068 
069 
070 
071 
072 
073 
074 
075 
076 
077 
078 
079 
080 
081 
082 
PMT=1540v 083 
PMT=1570v 084 
085 
PMT=1600v 086 
087 
088 
089 
090 
091 
092 
093 
094 
A 
(pul ser) 
61.1 
61.4 
60.3 
59.7 
61.4 
60.5 
60.9 
61 .2 
60.8 
60.7 
61 . 1 
60.9 
61.7 
B 
(laser pulse) 
J 
J 
J 
J 
J 
C 
(feedback) 
76.8 + . 18 
76.3 +" • 13 
75.9 !. .38 
76.2 + .13 
76.7 + .17 
76.1 !. .24 
75.0:!:. .18 
75.8!. .26 
D 
( ELCOR) 
-753A 
-748A 
-744B 
-747A 
-752A 
-746B 
-735B 
-735B 
-735A 
-743B 
I 
J 
PMT type: 31034 
PMT voltage: 1600 
SYSTEM CALIBRATION DATA 
APRIL-MAY 1978 
PMT gain: (Ortec 454) coarse: 5, fine: 2. 
Differentiate time constant: 5 nanoseconds. 
Integrate time constant: out 
PMT discriminator: (Ortec 453) lower level disc.: 2.5, fraction: 0.5. 
Start Diode discriminator: (Ortec 453) 1.1 disc.: 6.2, fraction: 0.4. 
UTC 
DAY 
095 
096 
097 
098 
099 
100 
101 
102 
103 
104 
417 disc. 105 
106 
107 
108 
109 
110 
111 
112 
PMT=1570v 113 
PMT=1570v 114 
PMT=1600v 115 
116 
117 
using 453 disc 118 
for pu1ser test119 
120 
121 
122 
123 
124 
125 
A 
(pu 1 ser) 
62.8 
60.7 
61 .5 
59. 1 
59.0 
61. 7 
61 .4 
60.8 
61 .0 
61.5 
60.8 
61.3 
61 . 1 
60.8 
B 
(laser pul se) 
I 
H 
J 
I 
J 
I 
J 
J 
J 
.J 
K 
J 
J 
J 
J 
C 
(feedback) 
76. 1 + .21 
75.5 ~ .21 
73.6 :!.: .21 
75.4 + .19 
75.8 +" .24 
76. 0 ~ • 17 
75.9 + .14 
75.6 +" .20 
76.2 +" .23 
75.8 ~ .15 
75. 1 + .21 
76. 1 + . 13 
74.8 +" .23 
74.6 +" .20 
75.4 :!.: .13 
D 
( ELCOR) 
-746B 
-740B 
-721B 
-739A 
-743B 
-74SA 
-744A 
-741A 
-747B 
-743A 
-736B 
-746A 
-733B 
-731A 
-739A 
SYSTEM CALIBRATION DATA 
MAY-JUNE 1978 
PMT type: 31034 
PMT vo 1 tage: 1600 
PMT gain: (Ortec 454) coarse: 5, fine: 2. 
Differentiate time constant: 5 nanoseconds. 
Integrate time constant: out 
PMT discriminator: (Ortec 453) lower 1 eve 1 disc. : 2.5, fraction: 0~5. 
Start Diode discriminator: (Ortec 453) 1 . 1 disc: 6.2, fraction: 0.4. 
UTC A B C D 
DAY (pu1ser) (laser 2u1se) ( feedback) ( ELCOR) 
126 ----------
127 ----------
128 ----------
129 ----------
130 ----------
131 ----------
132 K 75.6 + .20 -741A 
133 J 75.8 + . 14 -743A 
134 ----------
135 54.4 ----------
136 54.6 J 75.9 .:!:. · 12 -744A 
137 55.0 I 75.9 .:!:. · 18 -744A 
138 J 75.9 :!:. · 16 -744A 
139 ----------
140 ----------
141 ----------
142 ----------
143 ----------
144 54.5 ----------
145 54.7 ----------
146 55.2 J 76.7 + .20 -752A 
147 J 75.5 :;:- · 12 -740A 
148 55.8 I 75.5 + · 12 -740A 
149 54.6 J 75.9 + · 11 -744A 
150 55.0 J 76. 1 + · 11 -746A 
-
151 54.8 J 76.6 :!:. · 14 -751A 
152 54.5 ----------
153 ----------
